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(57)Abstract 

PROBLEM TO BE SOLVED: To obtain a high-performance 
semiconductor luminous element that prevents the deterioration of 
crystallizability, and has long wavelength by specifying the amount 
of the strain of a pseudomorphic quantum well layer to a 
semiconductor substrate and a cladding layer. 

SOLUTION: In the semiconductor luminous element (semiconductor 
laser), an active layer 3 containing a pseudomorphic quantum well 
layer (light-emitting layer) 2 and a cladding layer 4 for confining light 
and a carrier are formed on a semiconductor substrate 1, and the 
amount of strain of the pseudomorphic quantum well 2 to the 
semiconductor substrate 1 and the cladding layer 4 exceeds 2%. In 
this case, GaAs is used for the semiconductor substrate 1 , and 
GalnP or GalnPAs are used as the cladding layer 4. Also, the 
composition of In of the Ill-family element of the pseudomorphic 
quantum well layer 2 is larger than 30%. Also, the nitrogen 
composition of a V-family element of the pseudomorphic quantum 
well layer 2 is set to 0-1%. 
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y, 3iiiiz*^<Ei!iajij:yasiws-ct,=*7c« 

31li{z*-5<B#Kfl[h c J:y*«ia«fi^<D 

[0 0 5 5] SSlC* *|R0)%H#H: % Ga I n N A s 

tlZ&i)mmmj$.$:'i^<T' : £&tz#)* Ga I n-NAs 

[0 0 5 6] U-1ffc-r*»$. *7^KifcL 

TA I GaAs^E^yGa 1 n P(As)Sil^= 

[0 0 5 7] "Tftto*, **$I^**LfcGa I nN 
As^Ga I n A sSttlttKM^Ii 6 O O^WT) 
Vf££:T-£&o LfrLA I G a A s CD^S^Jg(*-fiSI^ 

K^(«^li7 0 0TO±)o *J§£<B£*J§#li. »t£j|j£' 
gttJBO±«l= A I G a A s <7 =? y KJf 

(100)GaAsSS±l:, GaAsKlWO. 2 
//m), GalnNAs#FI0II^7nm), G a A 

s m (raw 5 0nm)$i*i:«s*tfca»«4 ut** 

(a, b, c, d)f^SLfco 4O0>#ti*4a, b, c F 

Hacommwmmto. 2%-efcy. H*»b<z>gsi 

(N)fij£l*0. 2%T*fttk K»c0>a«(N)«Att 

o. uftdo>mm(N)mm*o. 8%Tfc 

6o MOCVD«fiSISilNtAsH 3 #i 
tWc, dfCOt>TI*6 8 0°CCDSJgT% * 

fc. KHb ico ixt Ii7 o o^tD^g-e. Rita 

(ZOlNT(i7 8 0 T*. 3 0#BBIMa3I(7-- 

;U) Ltza Bl 2lz(i. Z*i&0>Ktta, b, c, d<B 
PL^^tL^o Si 2IZJ51XT. £tft*<tta 

d)t*v7Klli(^i:t'fe L J, Z0)*s7 hCOmmit I n 

<BffiifcT?fc££#*_t>;ft,& e SBftSSSte. 7 so 

tTrliiSTLTisy, 7 0 O^JaTTMiiiiD LTt** C 

[0058] C(Z>ck3lC^:^>5:^^^LfcGa I nN 
As^Ga I nAsSfti^^lLt^bVeOt^J: 
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£LIV fcfc'lA I Ga Ast't 7 O O °eJ£lTCD^g-r: 

[0 0 5 9] 4 9— oommit. *#£S**3frLfcG 
a I n NAs^Ga I n A s J£>ttJI£jMtr fttfrlc A I 
G a A s £ j£ fi -T * fc S 14 n 0> A ft * & L "T I > C t X* 
fc4.-*lla>*W#l** (lOO)GaAsSfill:, *> 
<f KB(KJ5rt<0. 2/im), GaAslWlOO 
nm), Ga I nNAs^KIIAO nm), G a A 
sUMItflOOnm), *V KJKRJ»<5 O n m) £ 

m*ja«Lfcf4»*2Kftff»Lfco ftiOKWi* # 
-f KJi<2 9* Ki)irLtGa 0 .5 I n 0 . 5 P^l^(^ 
T, Gal n Ptffl^fcR«fcf|:t), Sfc 2 0>K 

*V KJi(*^? KB)£ LTA I 0.4Ga 0 .6As 
*fl!l*fc<»T. AIQaA8tm*W»fc*t). G 
a I n P*fflL\fctt»0>*36n n 

*<&oTl*4. Bl 3lClimi ^(Ga I n P), 
S20afi(A I GaAs)0)PLTO^^ri^o 
Bl 3**&. Ga I nPffflW:K««)*tfI^** 

I G a A s *ffi^feK»J: y t P L81S3^< 

[o o 6 o] zomst LxitA i icgaufc^Pfi^j$ 

l*C£4<3b*iofc. uOf;^T3^7'y Kit LTA I 
G a A s SffiL\*»$l*#PJBriE«0)KH= CC0£K5£lt 

0>0=7V KJB£ LT A I ^f6UGa I n P(As)£ 

tt«8r*a»t?a&y. *^u^^cDs^#/ 3 Ji£§^!c.g: 

7^KifcLtlfc GalnP(As)»Wjiff 

[006 1 ] *^r^ *li(Z)^^#li. GaAs£S(D 
®^{ifi. (1 O 0))!J^t>^^<igt^TL^^(CII^^^ s (1 

oo)*6 [o i i ] ^f6jiz^^<Mi%ri^)«ty(i, 

(1 0 0)tt3fiOWl n««S**<LS^U 

L>S1. 3 ^ mwf (Dl^fi"C(Dilral^G a I nNA 
s£#-S/ci6CDl OO^It Ga 1 nNAsCfclN 

r. i n Lrg«S4bL. 

t:it'fe5p GaAsSS0®W(lOO)t'^ 

^fia>®^(i3&<(i oo)^b [oil] ^fS)ic 

GaAsISiC, G a o.5 I ncsPittW* 1 
O. 2//m)t. GaAsi (!!/)< 1 O O n m) t . G 
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a I nNA8i?#FH(ft%H)(MA<7 nm)fcW 
GaAsA*'J7i(II^1 3 nm)^t> *£?£14Jf 
G a AsKIIAM OOnm)^ G a o. 5 t no.sPl 
(^J¥#5 O nm)£. GaAsI(IItf50nm)tJ 

■XI=l»ALfe. @3|c(i % ®^£A<(i oo)T?fc&G 

a A s &&±\Zj&f£2frtz*mftf£ltm :: F<D P L$H4 
(^At^t)^:, ffi*tt*<(1 0 0)^b [011)^ 
[SJIC1 5° 0)£iJ£TMlg^Tl>£Ga A s ^EJlC:J&/£* 
4xfc¥S<*&*;fitT<B P L !f#te B T'^-T) £ ^"To 

®^tt*<(i o o)^<b coil] ^rsji:n 5° o 

ftfU^-Cli. PL»S1. 06/imOGa I nAsCl 
^^iDLTl^o — ®*{i*<(l 0 0)T?fc5GaA 

1. 1 3/imOGa I n A s \zmM^1m LTl^& 0 
[0062] (3 3^t>®*<iA<(1 00)l?MGaAs 
&fa±\zMf&£frtz¥BW&i>tm*(D?3i)<. ft&ftT-fc 

[O 1 1 3 ^fp](Z1 5° 0)Mt^tU^GaAsS 

< l i . 0 6// mca&^cfc y t ft&ftfc£ia<**:A<. « 

^gl*^L<«TL. I n3fflj££*£<-r&c:<!:l;J:g 
H-efcofco — ®^ii^(i oolt'MGaAsi 

tt±(C»**ftfc*»»JB«*^-ei*. GalnAsJ 
JBl^T 1 . 2 /i m^gO)^^T^l^*^fl^*^ 
/to CCD^<hA^. GaAsSS0S*fiO)(l 0 0)A> 

[O O 6 3] 

H4iiHJfi«i o#St*^mT*^-riaT*fc^o 

SIX h7-f?fil/- J If^lZLTift^-r^o 
Sft&ftJSt^li. /f*ga££LTs SCH-D Q W (Separ 
ate Confinement Heterostructure Double Ouantuni Wei 

It 1^(1 OO)0n-GaAsSfi2 1±C, n- 
GaAs^'^7l22i, n-Ga I n P(As)T9 
KJI2 3 (mil*<1 . 5j/m)£. GaAs*W 
KJI2 4 (MJSA<1 0 O nm)£. G a i- x I n x A s 
125a, 2 5 bfccfctfGa AsA*'J7|2 6 (J^J¥*< 
13nm)^bWi5ttI(^I)2 7t, GaAs^ 
*V KB 2 8 (MJ?*<1 OOnm)^ p-Ga I n P 
(As)1^77 KB2.9(BU»*<1 . 5|im)t p- 
GaAsH^^hfaOdl^O. 3Aim)£*<. H 

#rc»jafc*:h,Ti**. £tr. i4a)^i»Mi^r* 

I*. GaAsU>^^hi30 IJ liiiA^KinttX 



*>o *fc. S«2 1 0)g@fC[in(igB*l3 3tfJ&&2*l 

[0064] ::t\ Gai- X l n x As^F|25a, 
2 5 b<D I nffi/£xt£3 1 %~4 2%<h Lfco # 
^Pl2 5a, 2 5bOI$lt I n$fl/£<Biafl]|--&;b 
■frT. &J9 nm~&]6 nmtM< Ltt^fio C^lbO 
U— "tfCDit^^pJSJ?*!*. Matthews and 
B I a k e s I e e <D«8ilZ»cS< BJWBff h c ,fc y 
*J»l*fttt£ftoTL*«. I n««3 2%, ff 

*8. 6 nm0i|^ 3&fi»ftf* 1 . 1 3//mtfcy, 
*fc. I n«j£3 6%* BE*. 7, 8n.m0)ig^ %fi& 
ftl*1- 1 6^m-efcy, ^tc. I nM«3 9%, S 
*7. 2 n mG)i§^ $£&&ftl£ 1 . 2jamt«feofc e 
§#Pi2 5a, 2 5 b <DK&Wfrm\t. ffldtlC 

KisrXftu 2%-2. 
[0065] H4a>*»**3ft*Ta>«-Jia)««*ai* 

TJIoJSV^Ik), TMKh'J^fM^A), As 
H 3 (7;Uv», PH3(7tX7-f»ifflt\ +^'J7 
#X(Zf4H2*ffll^fc. *fc* Ga I nAs!li550 

[0 0 6 6] B 5 left. ■ 4 0¥«(tJft^?4>MHk 

6 % ■ 4®4MMX*X?a«XXft(*1 . 13-1. 
2 3|imtt«» ffi*OGaAs«fi±|:fi£!U:Ga 
I n A s U-if *TICit^Tf§«»g**ft»ft 

fc"C*Tl**C ftSSWl. 2// 

m*«**£a»zL*iMt*<±jw-**<* i. 2/im 
[oo6 7] ±aea>«-ci*. ¥«*%5fcX?aj£ 

ft*. MOCVD^-efr?Sofr3b<. MBESf, fttjCDj* 

F*JIIL*fcflHt(SQW f MQW)Sffll^4Ci:t"e# 

Sr**. £fc* »7VKIICtt, Ga I nP (As) 
tfzim&VC K¥*?^0A I GaAsjm^Cit 

fc*£U Ga A s^S<0®^(i|-Olx-Cli. (TOO)tt 
5fi3b<S<. @*<i(D(l O 0)*>f,0(g^ftgl4 5° CD® 
SW*<»^Lt>e MOCVD^ItiSfid 0 

0)*fctt*L«U^fc(1 OOIfiiCGa I nP£{& 
&?Z>t t P tP»tf*V*fc**IB*^«**l^-r 

S^fSMT*^^^ As*^^i±fcGa I nPAs^t 
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[0068] n&m2 

B«3t<!:LT\ SCH-DQW(Separ 
ate Confinement Heterostructure Double Quantum Wei 
l)*Jt**.LTl**. ®6<D¥Bt*&9tm* 
It ®*fi(lOO)0n-GaAsIfi4 1±C, n- 
GaAsA f 777i42^ n-Ga I nP(As)T9 
^77KI4 3(1IA<1. 5um)t^ GaAs*W 
Kl44(IiyiOOnm)t, G a 0 . 67 ' n 0 . 33N 
0. 006 A so. 994#PB 4 5 a , 4 5 bfe^tfGa A s/^ 
r J7Jf 4 6(^Jf:*<1 3 nm)*Nt>#*Si£«(^B>4 
7 G a A s3fc#-T KI4 8 (II/jM OOnm)i:, 
p-Ga I n P(As)±a^7«> Ki4 9 (MHjb<1 . 
5jjm)k % p-GaAs3>^hl50(SI^0. 

»(t***iF-CI*. GaA S 3>^ni50 ttlSS 

a*»»*i»*LfciBjtiBi5 1 **ltp«»«5 2*< 

[0 0 6 9] :CT\ ^Pi4 5a f 4 5 b CD I nffl 
J#xli3 3% s BX(N)ttj£l*0. 6%af:, 
##Pl4 5a f 4 5 btf>Jl£l47 nmt Lfco 
##Pi4 5a, 4 5bOEteI^IItft2. 3%T?fc 

[0070] aeostmttmfbm+o&moiiLttmt 

TJUUWJ*), TM I (hU^^U-f >V>^A) F As 
H 3 (T;Uv», PH 3 (7tX7^ »*fflLV f Ltl 

DMHy (*«iftT?#jB-r *<D7? 6 O O°C&LT0> J: 5 

FB£/£ftT£*i§£li0!l*-l45 O O 0°cm&<D 

«SfiEft##*Ll\, -Tftfc*. DMHyl*ffiS-e#«¥ 

*r^co-e6 o o^jaT<&£5fc^/$ftf::SLTfcy. 

*a*»*Lt^. L**(Dfc}T?l** Ga I nNAs#pjf 
4 5a, 4 5bli5 5 0°Ct^SLfco *^»J7 

[007 1 ] H7lz(4 % B6 0>¥«{*«3fcX7-0>3HKHi 

L*l*«3M8ft Jthf*5 7 O A/cm2t'fco 
fco ftaXAttftl. 24/imt'feofc, @60 

¥S{*X%X7 H ei*« #/^B 45a, 45bOln 
S3 0%J:y*#<U £^M^M^2%Kl_hIZLfrC 
&I=J:V« ^OGa I nNAsU-lff^lCJt^t, 



[0072] ±sfc<o«-ei*. 

ft** MOCVDa^ftof:^ MBESHMAg 

TTM*. ^Pi4 5a, 4 5b(0lI(N)(Dl8l:, D 
MHySffll>fe^ SttftLfca*-V>-NH 3 IP«(Da* 

ft£«3*jsi**c£t,-c#* 0 B6a)*Si*^3t 

fH^T-l*. SttI(^i)a)lH8ilt LT2M^ 
P«£(DQW)<D0g*^Lfcrt<. i(D#pS(Di?#p 

&Bp«f«j¥*3?tt. *»wJ6ct. MBue-e 

££o £fc. KBlCf*. GalnP(As)^ 

filCD^-r K^r-V^^OA I GaAsSffitN|»Ci:^t^ 

[0073] iM3 

8BXh7^?II/- tf*«lcLTRWr«. 

18Jli:Lt, SCH-DQW(Separ 
ate Confinement Heterostructure Double Quantum Wei 

DllttLtW. Hffi«l3 0i8a)fittMI^ 

n-GaAsSfi4 1O®^(100)^t, [0 1 
1] ^Ip3(Z2° 0>ftgT^l>fct,CD^*oT^^o * 

[0 0 7 4] HSO^flH*****!*. ®^ 

{£#(1 0 0)^b [Oil] Sfi|fC2' OftgT'liO/: 
n — G a A s Sffi 6 1 JtlC, n — GaAs/^<>77l6 
2<h. n-GalnP(As)T^77K|63(II 
5jim)<t. GaAsM-fKl64(BItf10 
Onm)t, Gao.6l n o. 4N0. 005 A s 0. 995#^B 6 
5a, 6 5bfccti;GaAs/N ,| J7i6 6(lIj!i<1 3 
nm)^b^5i5tti(MI)6 7t, GaAs^V 

KB 6 8 (mmtfl O 0 nm) p-GalnP(As) 
±p&v* 7 KB 6 9 1 . 5/im)£. p-Ga A 

s3>^^hi7 0(lSA<0. 3/lm)^3b^ JB*|ZJK 
JSS*VCI**. *fc, H8 0)*»(t»***-t»l4. Ga 
As=»>£v* hB7 OI4«3SliAffl»ei*H*x^^>y 
lz*y|»*aF*L % a^£A«£fc*ffi#*&£L*:«» 
l7 1^LtpIlg7 2A«^Tt>^ 
Sfi6 1 CDg@(Clinfi!lS^7 3A^«**tTt^*. 

[007 5] ::t\ ^Pi6 5a, 6 5 b <D I nffi 
j£xli4 0%, MHt(N)|fiJs£l40. 5%tLtz 0 
§#Fi6 5a, 6 5bOl^li7nmi:Ltco -*tl4 
Matthews and Blakeslee 
(-*^<B*«ffh c (»6. 1 nm) cfc « *J»l*ftfr 
tftoTl**. §#Pi6 5a, 6 5b(DESI 

**fili&2. 7%-Cfcofco 

[0 0 7 6] ■8O)¥«{»ft*«?a)6M0!>l£ft^a 
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MOC VD^-CfTteo*:,, «t<Djl^|ZliTMG(hU> 
^tf'J^A), TMKh'J^fM^A), AsH 3 
(7;Ui/»p PH 3 (7tX7^»Sffll\ f Ltli 
OUSlCliDMH y (v>f;i/t K^S/»*JBl*fc. D 
MH y l4tS^-C#fg-f &0-C6 0 O^JsTFOcfc^fcte^ 

ji ^^-r&ig^ii. 5 o o°c-6 o o°cm&o 

«^j£:R*<#*bl\> t^*CD«-e(*. Ga I nNAs# 
Pi65a, 6 5bli5 4 0^fiLfco *V 

[0 0 7 7] Z0)<t 5 l^g Lfci 8 Of ift^iT 

ofgg&fifign. 3^m^fc^f= 0 L^i^msS 

SSJthttl k A/cm2j5lTT*feo/= 0 G a I n N A 
*<*£<#£ft|SJ*<fc&o ftfcOI. 3/im»(DGal 

n n a s u-ifm^^fe^riiMmffl^fi/h^ < Ltt 
n^*<3 o%(D^)-efc^fc3b^ *&f8T?(i. 

[0078] ftfe\ Jif^ocyr*!*. f ^<*2£5fc3StTOj£ 

TTrl*. #Pi6 5a, 6 5 b toMM (N) OJl£Hc. D 
MHy^l^ Stt1bLt=K*^NH3«ttO)a* 

^«fi(DQW)<D«£*Lfc*<* ttiO^FSfcOfi^F 

^So *fc* KJBlZl*. GalnP(As)^ 

tiO^-f K^r-V^OA I G a A s £ C t $> X'p 

[0 O 7 9] mMW4 

■ 9tt**fll4«>*»f**A**ft*-rH-e**. 

Jf«ta££LT. SCH-DQW(Separ 
ate Confinement Heterostructure Double Quantum Wei 

14. 0 0)*6 [011] *|Sjlw5* 0>n& 

T'ii^f:n-Ga A s^&8 1 n-GaAsst? 
77i82i:, n-GalnP(As)T^77Ki8 
3(BI*1. 5//m)t Ga As**V KB 8 4 (K 
J$ft<1 OOnmli:, Gao. 65' n o. 35 No. 007 A s 
0. 993# FBI 85a, S 5 b t #FB 85a, 8 5 b <D 
P*g&cfctf#FJf 8 5 aOTTSfcefctf^FJf 8 5 b 0>±f5 
l=Kf*&tlfcGa N P A S/OJ718 6 a, 86b, 8 
6c(MW1 O nm)i:36<^rt**tT^«SttJi(* 



Si)8 7i, GaAs**VKi8 8(II^1 OOn 
m)£. p-Ga I n P(As)1^7'> KB 8 9 (mJ¥ 
#1. 5//m)<t. p~GaAsa>^^hl90(II 
*><0. 3//m)tA«IH*(z»filE*tiru4; S9 

ataA«#i2mi*x^5 L >yrccfe y mesa 

tt£ LfclftlSB 9 1 So>LTpfi5m@9 

2 36<»riE**tTL^«o S«9 1 O^SIClinffiUm 

[0 0 8 0] 4#PI8 5a f 85bOI ni 

J3cx(43 5%, SX(N)|&JifcttO. 7%d:Lf: e 
S#Fi8 5a, 8 5b(DI*li7nm(l:U: 0 ^ 
##FJf 8 5a, 85b <D£fi£*Stt£| 2 . 4 %T? fe 
ofco COK. HU7i86a, 86b, 8 6cli?|-3 
aUS6*LTSy, #P»8 5a, 8 5b0Effiiff^ 

[0081] sgof #(*flfi**^a>ftiia>«a**(4 

MOCVD^T^ofcc -eOH^(Cl4TMG(hU> 
Ttf'J^A), TMl(h'J>fM>V»7A), AsH 3 
(7^v», PH 3 (7tX7^»$ML\ f Ltli 
OEUmzliDMH y (v>^;Ut K^i?»*ffll^fco D 
MH y l*SS-C#8?-r&<D-C6 0 0°C£lTa><i:3fctea 

^^^g-r^ii^i*. 0g*i£5 o 0^-6 oo^eso 

(Sa«*A<»*LLV 1**0>«TM*. Ga I nNAsi 

mvfc. 

[0 0 8 2] cOckdi^f^SLfciagof 
<D9lfiifiStt«a 1 . 3|/mT*fcotco L^t^Sit 
©SJtht*"» k A/cm2|5lT"Cfcofc. GalnNA 

A^*#<<C4«Rl^ft4. tt*0>1- 3|/m^Ga I 
n A s U-lfm^lCfcLNTIiMmifl^li^^ < LTt 1 
%(l njflj£jb<3 O%0>ft)-e&ofcA<« #3£f|llT*l4. I 
n*&/$£ 3 0%*«*t< U Effi£*&£2%£L±(= 

14. #Pi85a, 8 5 bO)fflBS^*a»-r*5loat 
«i«*t4/<U7l8 6b, 8 6 c*<£f>|z^lfib 

[0 0 8 3] ±*a>«"CI*. f»ft«*STOfiE 

fi£. MOC VD^"CfT*ofcA^ MBE^Mg 

*T»tt* #Pi8 5a, 8 5b©Ii(N)0)I8l:, D 
MHytSl^tf, iMLfcII^NH3fffia)Ii 
fb«*«MC^«C^tir*«. *fc. 09<Df»{*IS5fc 
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0 9* KJil=l4. GalnP(As)^ 

[oo 8 4] mmms 

fc&o c:<B4^|(*&ftffm4. &Ht&m&tz#><D&m$s 
£&j£?Z>tz&). l^^FSttii 0 4Wi»ifii 

0 i tlt&tto>mz\t±UfrM&li O 9*<J&J$£;h,. £ 
fc, S^^^SttS 10 4 <B¥Sf*Sffi 1 0 1 «I=I*T 

SURStjBi 0 2^jS**irfcy. ±SPSStfti 0 9<fc 

TSPSIt^l O 2<7> : 5*>tf>4>£: < £t>TS&££*^1 0 2 
14. A I «$*«Et^*m(=J:«1SBSr*fl&XB8f*JI 

cantor* 14. -tSPJRStai 09, TSff&Uffii o 

2(4. tT#pStti1 0 4^t>CD^^^T^^ffi§§ 

[O0 8 5] *yjlf*»|::. Hi OO^Mt? 
14. OO)0n-GaAsi«1 O 1 ±JC % G 

a A s 1 O 1 Clft^g^-f & n - G a o. 5 » n 0 .5P 
£ n -G a A s *^4x^tlO>l«M^l3fc(t^^^S<7) 

1 /4fg0j?£T-£5l::SJf LfcJ^8^t(3 5«JH)a^ 
&tt*n-¥SM*£/MUEItJK(Ga I nP/GaAs 

tsp*»(*#si8s»<8) 102, g a a s a*-- y-s 

1 03, 3M(DG ao. 6 1 " 0. 4N0. 005 A s 0. 995A s # 
FitGaAs/^J7g(l Snml^b^^^il^ 
P?£t£Jf (G a I n N A s /G a A s QW,=3H£Jf ) 1 O 
4, GaAsX^-^1105, A I x OyB<Si&£ < M 
IO 6, «aaA»A: LTCDp-A I A sill O 7 (Jfi 
W50nm) ( p-GaAs3>^Ml08, G 
a A s Sffi 1 O 1 IZft+^S-? & p - G a 0. 5 ' n 0. 5 P 

tp-GaAs * **L-f *ia>a«wica3it**sas<D 
1 /4fs<Dj5*-essicaa LfcjuoHt&o onm* 

btE^p-*lfl;JlISItg(Ga I nP/GaAs 

[OO86] GaAs^-tH 03, 3^5* 

^ttI10 4, GaAs^-ff105, 
<1106, p-G a A s a £ hil 1 O 8CDfi!l®(~ 

Ga As3>$^ hll 0 8±fzlipfigmil1 1 1 

GaAsIfilO10g@C(j:n<iig 
1 1 2tfm&2*lTl*& 0 

[OO 8 7] 01 oa>*awt***T-**©j:5icfts 

Lfco ?&t>*>. @#&(1 OO)0)n-GaAs 

S$ 1 0 1 -tlr. G a A s Sffi 1 0 1 (Zft^^^-T & n 
— Gao.5' no. 5P<*= n — G a A s &-Z:1%^tUDtg:Wfo 

( 3 5 fl 8) /l>b^n -¥3H**BRKSt« ( G 



a I nP/QaABT«¥*«MIS«t)1 0 2, 
Ga A sX^-ti 10 3, 3f(7)Gao.6 I no. 4N 
0.005 A so. 995 A s^pfdrG a A s/^'J7l(l 3 n 
m)**&ft5*M?-#F}£teJl(Ga I nNAs/Ga 
As QWjJtti)10 4, Ga AsAK— 0 

5, a i x o y ms5a$<si 06, taasaAtttL-co) 

P-AIAs|107 (BflM< SOnm), p - G a A s 
□ V^hilOS, G a A s Xfi 1 O 1 CUft^g^-T 
-Sp— Gao.5 * "0. 5 p £ P~ Ga A s S-f-tt-f 4x<DMt 
Kni=felt«««Xfia> 1 /4<gOJl$T*SSfca^ L 
fcSJ««£(3 oin p -¥»t*£Jf Bi&ltSI 

(Ga I nP/GaAs±afl^H^g)l 0 9 

[0088] ::t\ SFKO i nMxii4 0%, m 

3Hflj£l40. 5%af: 6 #PlO)f Sli7nm 

t. Ltzo ClttliM atthews and Blake 
s I e e(Dmm\Z&'5<&^mmhc (196. 1 n m) 

7%T?&ofc 0 ««*ai*MOCVDftt?frfl:ofc. H 
ft|::l4TMG(hU>^>U:tf'J^A), TMI (h'J>f 
>y^A), AsH 3 (7jl/i/», PH 3 D^-X7^ 
», ^LTM^0)J13^IZ|4DMH y (i?>^;Ut K^V 

[0 0 8 9] DMH y (4«S"t* jM5P-r*0)T? % 6 O 0°C 

l>S^#FJI£jS:l?-5i§^l4W*l45 O 0^-60 O 
■fcfiffi©«S/afi2b<»*Ll\, C0HSS0J5TM4. Ga 
lnNAsili540 l Ct'SlLf:. D M H y I4<£^T* 
^S"T^<0-e. 6 0 0 < C&T(D«fc5ttfiSriE*lciSLT 
fey. ^l3«a^S<D^7S:^cD^:^^M^FP* 

[0090] fit, 37* h'J y{T97-f-tIyf> 
^XS(c*yTS*BMS«t«i 0 2(7>_tS^T*lIS3 

ttl O9(0^SIg1 O /imC0RJf^lZ>-9-X^^>y L 

fee a i x o y m3t&£ < 1 o 6 l4<iracD3l;h,fc A 1 A 

s £*&MT'mmfr*mtLTj&tfLLtz 0 

[00 9 1 ] #lz. ttJRJKWJ-fS K) 1 i 0t*xvf 

0 9 JKDtK'J-T 5 KSBSU p-GaAs3>^^h 

n 0 8±rc P {iiagi 1 1 twu Stei o i o>s 

351-14 n«««1 1 2tMLfe a 
[0 0 9 2] Hi OO^iftMI^t'lt 

1 O 1 £»ttJ|l 0 4ta>PBlO)n-^«:*SJRSItft 
(TS&*3H*£BMSSt«) 102^ LT. A I 
t^n-Ga I nPtn-GaAs^f:fl)t', 
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[0 0 9 3] fcfc\ 1 01 tSttil 04t 

^^^Zir^T^^o Ga I n P (teBtfr^ 

Jl)£Ga A s (^S»*Jf)0ffi<^tb(Dte. Ga I n 
P A s (fiISi$i) i: G a A s (IBSr$I), Gain 
P «£BSM£B) £ G a I nPAs(IIPi), Ga I 
n P i G a P A s (RESrM) , Gain 

P «£BSr*B) £ G a I nAs(SISr$f) r Gain 
P(iSS»$i)(!:Ga I n N A s (SJBtt*H)tl<0ffl^ 

RSttMatttt* LTA l ***35ct^*r»tffl^fc* 

*0>±lz;fc*fcS***^*SteB*JS«**C£ 
#»«-C&**<. A I StA/f:»»*ffit^tt«fifttt 

I A s («HSr*B) £ G a A s (XBSr«R)<Dfil*£- 
i±, A I GaAs<hGaAs, A I As t A I G a A 
s f AIGaAs(Ali^^t^AIGaAs 

(a nafitA«/h*^)«a>«^-a-*fflt^*zi:A<-c* 

[0 0 9 4] 5Stt«1 0 4j=yaffi«<D±«*» 

<*£JiM&lt@£i o 9 C^ooMfcfltM* p -¥-m&&m 
n&mmizi,* a i Btt*a>*#i**m± 

|Z V G a I n P ((SJBSfM) t G a A s (KB«T*B) CD 
«^.*-fra>«. G a I n P A s (fiBSWB) ^GaAs 
(WB«*B), Ga I n P (iSBSr *B) £ G a I n P A 
s (SBSf^B), Ga I nP-(fiitr$l)fcGaPAs 
(MBSt^JI), Ga I nP(ftI8r$I)tGa I nAs 
«!»*■), Ga I n P mmmmm) t G a I n N A 

[0 0 9 5] <BU SttBl 0 4j:USBflla)±«¥« 

{*^JiJ^£l*g£i o 9 (ca>*lft«-ettp 

A I A s («BSt*H) £ G a A s (II$t$I) 
(Om^^it t AIGaAsirGaAs, Al AsiAl 
G a A s f A I G a A s (A I &j£*<*$l\) £ A I G a 
As (A I «rt3&«/JxS^)*<D«^*1S-*fflt^4Ct36<-e 

<*£JiM&l*gil 09i: LTIiR«tt£BK*ffll*£C 

Ht^^c ft{*ni:zi±» t i o 2 £s i o 2 a>ffl^-& 

[O096] CCDcfc^lC^lgLfcS^U— if (HI 0 
»f)<D3Sfi*fif*fil . 3/imT*feofco 
£fc. L£l^mS£SJgIi1 kA/cm2jaTt'feofc e 
I n|S^3 0%«):y^^<U ff«S***2%12Lt 



[0 0 9 7] C<DS6J6«51?I4. MOCVDST'OSfi 

te<b Lfc W^N H 3 «tta>SX1b$*£Bi*« c <h * 

[0 0 9 8] ±^0)^T*l*. mjftft£<t LT3M 

«*#F*«(TQW)©«**Lfcrt<. tea>#F&<7>* 

IS^T'^^o SH£J|1 0 4lZliGa I nAsfl 

[O O 9 9] HiS^6 

-rat***, mi Mz^T^m^n^tm^itmn^tm^ 
*«*-r*fcA. impawn 2 3o>#s{*s«i 

2 1 £l*JR»<D«|CttJ:fflJE|*Rl 2 8tf»jS**u * 

sswai 2 9At»fiEs*tTfcy. ±s&sitfti 28 1 

T»S»«1 2 9 0)3 fctiT»JE»«l 2 9 

l=*B*#ifcB«(*»BBt LT«**4iTl^*. CO 
<gjSlCfetxTt. ±SPS»ftl 2 8, TSPJfclt@1 2 9 

[ o i o o ] cfc y ■ i 1 n^mKait** 

0 0)<Bn-G a AsS«1 2 1 ±|Z % G 
a A s Sffi 1 2 1 [ZfiT-i^fl) n-Ga I nPAs^7 

2 2{1SA<0. 5/im), 3lOGa 0 .6l 
nO. 4 No. 005 A s 0. 995 A s ^PliG a A s/^'J7l 
A^b^^^li^FSttKGa I nNAs/GaA 
s Q W^ttJf ) 123, p-GalnPAs^77hl 
12 4(B|j&<1. 5/im), A I x OyS3S&£ <H 2 
5, ta^ASt LtO)A I Asil 2 6(il?)!)<5 0 
nm), p-Ga AsU>££ hfl 2 7 (JBJ¥**0. 3 
Um), p-AIAstp-GaAsHtlfWl 
Al=&l*«*«a»a> 1 / 4»0>*S-C*Slc«B Lfc 
R JOHNS ( 2 1 B JH) ^b^p 

(A I GaAs/GaAs Ji^S{**«KS|tft) 1 2 
8A<I*«fi**lTl^, Sfc. Si 1 
-^T'li. G a A s Sfi 1 2 1 <D—&1)<5 7 9 KB 1 2 2 
0i®^t'i7f>y*^ 2 2±l: 

T i o 2 <hs i o 2 0fi*^bi*fr*tt«R«{*&Bn£: 
Stfi(T i o 2 /s i o 2 TfflRS»*BKS»tt) i 2 9 

[0101] fit, 1M^<H25, p-GaA 
s3>^hH 27(Dfi!®IZtttt»Ji(*'J<5K)1 

3 Oi<^^^ p-GaAsa>^h|12 
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7±lZl* % pfflm^l 3 1 3WBJdSS*U GaAs 
»£l 2 1 OSffilZlinfflaffil 3 2tmtfL2tlTl* 

So 

[oi o 2] si i a>#S(*^pt^**o)ct5i^S 

Lfco -?Ut>*>. ®*&(1 OO)0)n-GaAs 

ttfil 2 1±IC. QaAsSfil 2 1 n 
-Ga I nPAs^7^Kil2 2(iIA<0. 5# 
m), 3^COGao.6l n 0; 4N0. 005 A s 0. 995 A s #j» 
1 1 G a A s / N* 'J 71^ b *l» ^ ll^^F^ttl (G 
a I nNAs/GaAs QW,T&tti)12 3, p-G 
a I nPAs^77KH 2 4 (mmrf 1 . 5 A< m) , A 

I x o y m35S£ <Jfl 2 5, S352£A8&£ LT0A I A 
sH26 (m&tf 5 O n m) , p-GaAsa>^h 

II 2 7(HMO. 3*<m), p-A I Asip-Ga 
A s *^tl^tlOj«a^(Cte(t^^g^a) 1 /4fgCD 

n$r*^siz^jiLfc^^«5g(2 1 juh)*&«e«p- 

¥Sf*£BK&»tt(A I GaAs/GaAslS^I 
<*£HM&ltg|) 1 2 8 *lH*^^fi^-&tr 0 

[0 1 0 3] #FJICD I nfflj$xl<t40%, m 

fSMfiJ&liO. 5%tLtz 0 £fc. XWmomZltl nm 

ocvD^-efT^ofco I»:liTMG(h'J^f;^ 

TMKh'J^fMVvOW, AsH 3 (7 
DMHy(v^^tK7V»SfflL^p A I* 

&A / tzp-*m»&mm&itmi 2 si*, sitm 23 

^<7)&W<D'\^ IME^0>6 8 O^T^^Lfcp 

[0 1 0 4] fit, 7tMJV^77<-i:I^f> 
^Xg(Zck y p 1 2 8 <D±i$WLX~ 
IS1 0/im(DR^{O-tfX-/5 1 >yU. S(CiSg3 0 
/imCDRJ^IZ p-GaAs=J>£? KJl 1 2 7£>^X 
**>*Lfc. fit, JfeSBK/KU-TS K) 130^3 

-nr«iaAii 2 6*Hitt, pitgi3i^ 

JMELfc. fit, #«{*Sffil 2 1 £n-Ga I nP 

J£l*«1 2 9S»«Lfc. Hie. Sfil 2i0)g®|c 
(i. nffl«i13 2^MLf; e -Oct 3 fc«2£T*li. 
*»yUJL»4. Kfi12lOSlE^««. 
[0 1 0 5] :(DJHW6-ctt, ¥S<*Sffil 2 1 

mmzmA-er. SS121 m<D&.mmt Lxmw»& 
mmzm^&ztx. **<pa^s#r«sttJii 23 

[01 0 6] &n-ttiit. mm&m&mnfr&mz^m 

l:Mtc!fc e 



[0 10 7] ZCDcfc 9 LTfElS Lfc]§i%3fc U — "tf (D^E 
1*1 k A/cm2]JlTtfcofc e I n$a*$3 0%cty 

[0108] c(DHJseg6-eii. MocvDa^ss 

t|-C** 0 *f=. W^BttlCDMHycrffll^ S 

[0109] ±i£<7>0g-ci*. mmm&tLT3w 

i?#Pfltt{TQW)fl)fl$*Lfctf«lfl)#P»(Dl? 

[OIIO] ^©J:3**S*5***LfcSttJia>a 

[Olll] ±»0>#»»«-Ctt % ¥*tt£&l3G a A 
s»«#ffil*&*iTl***^ GaAsSfimift 
TOtLTGa I nAs, Ga I nNAsfffll^i:^ 
C0>l2fitf=4,. ^iMSCGaAs 
»tt*ffll**»*C:* GaAsiS±M#(*S«tL 
TGa I nP f Ga PA S SfflL^i:t, 
tSlC I n PSfirtm>£*l£J§^l^ I n P&S-tCD# 
#M8i:LtGa I nAs f Ga I nPAs, I nP 
As, I nNPAsft£*JHl*4££fc£|zi % 

[0112] 

yoZm^&mfr&tteixi^&ox^ ft&m^ixtei^ 

[0 113] ^^2^CD^^|rcfcni^ ¥S 

VTzmc^tozv^v Fmttm&L£*ix^z>m-mft 
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»#*c*«*r*«tt»BJi*y tic* 

T (high electron mobi I ity trans i ster) CD il- 1 ?^^ 
[0 114] K*S3Ett(D«WfzJ:Htf. *m 

I<l$lt*#SUAIGaAs, AlAs, Gain 
P, A 1 I n PCDcfc^fcrM K** 

[0115] &tz. m*m4&mo>§zm~&tit£< a* 

^g^FJlli. Ga x l ni- x NyAsi- y (0^x^ 
1 f O^y <l)Xi&I$.£tlXl^&<DX. y = 0(DGa 
I nAsTMil. 2 //m^gf^CD&fi. QalnNA 

[0 116] »*a5E«a>*MlZj:*tf<. 

fc5Ga x l ni- x N y Asi-y(0^x^1, 0 ^ y < 1 ) 
|::§1U Mm^^*tTl>?S:l><t Lfcii'&OGa I nA 
s(DPLtfi^ 1. 1 2//mcfcyt«tfii:*ot^ 
*(DT% ft^Sft^mTO^^lC^^^ZtA^ 

feett2ksa>tm««Atts-r « c £ i= ± y % 

¥#{*SSftf5t^«tiI(D|£ftCD g £g££ff £ Z £ *<T-£ 

[01 1 7] titz. m*memMO)&w\z&tn*. 

3 0%J:y iXZl^CDkU-oX^Z^tZtemt LX 
fey. M&foiZlty = OOGa I nAst'lil n <D3fiJ$ 

^3 o%m±it"r^c:^:T-. tt:5tE<7>^-e&ofc 1 . 1 

//mcfcyfi^SCD^ttU-if^^tL^o Ga I nN 

Asfiii n^M^3 o%j^±<t-r^^<tr% i^i:# 

F^<Dif^fii&:R<fcT-£&(D-T?. ^(0fflj££tj£3fe£ y 
<£&T-£& 0 0y*_l*1 . 3/im^^^^ii^lZ(i I n<D 
&j£A<3 0%<D*§^T'MmtfiJ&l*fccJ:*1 %&^T*feo 
I n<7>m^£*3 0%Kil±(Z-r^CtTr 1 %J*lTfC 

[Ol 1 8] H^TESCO^^lCcfctttf. 

o-i %cD«Hi:ft-3Tfey. ssMflj**<o~i 

[Ol 1 9] *fc % »*«8Ett<D*«ilcj:jh,tf. If* 
Sil 7bSfS*a3 0)l%-r^-S(cEK<D^S«:«3fe* 



(i oo)^b*^<fgi>Ti>£(0yiU;£ [o i i ] 

l3*#<«lvci\4),fcytt % (I 0 0)tti4CD;£j!)<£* 
fi^FCDGa I nNAs-^Ga I n A s 0> I n $&J$£ 

^:^< L^*r<fi«fi^b(ria]ixTfey. Ml^S3fcj&^£ 

[0 12 0] IS*S9E«a>*BJIZj:*tli % M* 

ai *tz\*m*&2&mo*mto&?tm=F\~&^x. o 

=?V KltLTGa I n P^TcliGa I n PAsW 
6*lTfcy. A I ^f^Ga I nP£fcf*Ga I n 
P A s I* A I G a A s \Ztt<<X&l*&LSi}&g.X 

d£;b<-e£&<DT-. {£jSj£:S*<#*LI^I^ 

£&\f\Z<^0)X&tiL<. sr H ttcDa»^^a>a 

a I nP(As)^l^d:^77 Fm*X§Z±?Z>XM* 
<D&*g£g:\+\z< < &&tt£l*m*><Dm:=? L #F s m£j$. 
3:X$Z> 0 *tz. *Wtt£LTI**^*KJi*-C»fc 
lT <S>*K§(D^S£ glfd < IN(DT% A I G a A s S*m 

[0121] K*m OEtt0>«nizJ:4ltf. if 

*ai *fci*Bf*a2E«a)#»it«**^ictei^T. 

ISO¥ift^^liG a a s StE±lc»A a e*« fc 
SSr^^CDzfc^l^A I (Ga)As/GaAs^H=7 
— £JBl^&C<h*<-Trif&CDT% SlM5*T?»*K 
A I AstSfctfcA I x Oy*«3SR*<C:fl3l**C£: 

[0 12 2] *fc % R3frSl 1 E«<D*WlCj:*llt if 
*«1 ^fcfia^2Em(D^S^^ : ? L (ZfetNT. 
l?TE^14®fc(i. ItrEM^fiT^FHCDafifillc. J62i£ 

fey. #^^o>a^^< Lfcyt^wt% 

**0>RttO!>«**#<t?#. Btt^b^Sffl*«3Slz 
[0 12 3] R*91 2EK0>*MlCj:*ltf. * 

*U7tB ca*>* * ^ ^ KH t 
^OSit^fcfclx-C. ttBfi*S?-#FJIH:6 0 0°c 

^^^^S^^F^^^lCtt. 6 0 0°CJUTCD^ 
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[01 24] m*mi 3mma>mwz^*nt^ * 
^roasiig^&icasu-c. tt¥*(*x«jim*« 1 1 1 — v 

W£Ga I n N A s © J: ? litMfifflfitgfSi: LT tSI 
[0 12 5] if*^1 4lBmO)^^l=J:n«, ¥ 

^(DSjs^afetfcuT, m^&T^pmit. Ga x i n 

HN y Asi-y(OSxS1 , 0£y <1)VMf$.-t&m 
NrolfitLt, DMHy(^fJl<tK7-/», 

F s m$&L&-r&m-£it* wz.it. sooic~6oo c cg 

[0 12 6] £fc. SsRlgl 5lHmO)fEWI=«fc4x«, IS 

*^i o&mammtomitm^izts^T* &%£m&tz 

[0 12 7] *fc. if^Sl 6E«<D»WI=J:ntf. » 

*^i oiearo^fr^jtm^ir^^r. rnxsmztz 

jia>##ftSffi<i5(zttTSPS^* t »^*ti.Tfcy, ± 

izmmt<titzww&&mmt Lxmrntix^snx. 
xztim&zm-tzJS'&mzzntzit-riz&M.^&.&x 

[0 2] 0 1 ro*^«:SE3fcgiT<DS1iJf ro-^*-r0 



[03] ®^fi*<(1 0 0)?^GaAsSS±l:^ 
^fc^SttSEifcgH^PLfttti:. oo) 

*^e> [oi i ] ^isii-i 5* <j>ns.xmi^x^^>G a A 

sg>Si±lzBl&Ztitz¥&i*5tikm : ¥-<D P Lfttet 
■*-0T?£>.5. 

[04] ggffieiii ro^sttsii'fc^^-riaT-fe.So 

[0 5] a4©^«:*3t^<7)«ESieSIC«-r^U# 

[0 6] n&e«2ro¥^t**3fcf?t^£*-ria-ea5&. 

[0 7] 0 6a>#^«:f£3t^a)^iSf^|CfcMtSa3£ 

0 v fe 

[0 8] HJS«3(O^«:S53tm^**-r0T?fcS. 
[09] HS£W4©4^ttSg5fcj£^$*-r0T?fe-S. 
[010] ^JS«!l5©#^tt:fl3tm : ?**-r0T-&*. 

[011] Hiseo6ro#g<*3i*fii^£svr0t?fe.&. 

[012] 4 0©a8a, b, c, d0>PL4$14£jS-f 
0-C&S. 

[013] AVh'ItLTGa I nP^mi^tzUntA 
I G a A s $mMzHnO> P L#tt* *-T01:S)-S. 
[114] -8l:JiS*lTl^Mat thews a 



n d Blake 


s 1 e eCDmmizm^^X^W-LtzG 


a A sS$±OG 


a i n a sjitteg^js^-rs-efc 






im 1 5] G a 1 


n A s m— fi^#FBA* bOPL c^fo 
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T^ttB 
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KB 
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n — G a A s Sffi 
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n — GaAs/W^TB 
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n-Ga 1 nP(As)TS^77K 


m 




2 4 


GaAsM^f KB 


2 5 a, 2 5b 


Gai- X l nxAsi^pf 


2 6 


GaAsA'JTi 


2 7 


?£1±B(f£3fcB) 


2 8 


GaAsM^f KB 


2 9 


p-Ga I n P ( A s ) JtSfl^ 7 7K 
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3 O 


p-Ga A s =3>£^ hB 
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m 








4 4 


GaAsWKi 


8 6 a, 8 6 b, 


86c GaAsA'JTi 


4 5 a, 4 5b 


Gao.67l no. 33 NO. 006 A so. 994 


8 7 


SttJI (5£*B) 


fi^#FB 




8 8 


GaAs*W KB 


4 6 


GaAs/*>J7Jf 


8 9 


p — G a l nP(A s)±Sfl£ 


4 7 


SttBGSftB) 


B 




4 8 


GaAsitW KB 


9 0 


p — G a A s hB 


4 9 


p-Ga I n P (A s) ±W? =? V K 


9 2 




« 




9 1 




5 0 


p-GaAsa>^hl 


9 3 


nlli 


5 2 




1 0 1 


G a A s Hffi 


5 1 


tMUH 


1 0 2 


T^¥3l<*#BmSl*gi 


5 3 




1 0 3 


GaAs^-^i 


6 1 


n — G a A s S8i 


10 4 


^ttB 


6 2 


n — G a A s/<^77l 


1 O 5 


GaAsX^I 


6 3 


n-Ga 1 nP(As)TS^77h # 


1 O 6 


S3SEtt*<B 


m 




1 0 7 


K9ESAJI 


6 4 


GaAsM^f KB 


1 O 8 


p — G a A s zi ^7 KB 


6 5 a, 6 5b 


Gao.6' no.4NQ. 005A so. 995* 


1 0 9 


±gP¥»ft£BKJK#« 


T#FB 




1 1 O 




6 6 


GaAs^U7i 


1 1 1 


Pimm® 


6 7 




1 1 2 




6 8 


GaAsWV KB 


1 2 1 


G a A s Hflx 


6 9 


p-Ga 1 n P (A s)_hSiJ^ K 


1 2 2 


Ga 1 nPAs^^^ KB 


m 




1 2 3 


JSttB 


7 0 


p— Ga As3>^ KB 


1 2 4 


G a 1 nPAs^7^Ki 


7 2 


piiiti 


1 2 5 


mss&<*<B 


7 1 




1 2 6 




7 3 




1 2 7 


p-Ga A sa>$<7 KB 


8 1 


n — G a A s 3£tfE 


12 8 




8 2 


n — G a A s/\ 4 777i 


1 2 9 
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